Abstract: Emotional facial expressions provide important non-verbal cues as to the imminent behavioural intentions of a second party. Hence, within emotion science the processing of faces (emotional or otherwise) has been at the forefront of research. Notably, however, such research has led to a number of debates including the ecological validity of utilising schematic faces in emotion research, and the face-selectively of N170. In order to investigate these issues, we explored the extent to which N170 is modulated by schematic faces, emotional expression and/or selective attention. Eighteen participants completed a three-stimulus oddball paradigm with two scrambled faces as the target and standard stimuli (counter-balanced across participants), and schematic angry, happy and neutral faces as the oddball stimuli. Results revealed that the magnitude of the N170 associated with the target stimulus was: (i) significantly greater than that elicited by the standard stimulus, (ii) comparable with the N170 elicited by the neutral and happy schematic face stimuli, and (iii) significantly reduced compared to the N170 elicited by the angry schematic face stimulus. These findings extend current literature by demonstrating N170 can be modulated by events other than those associated with structural face encoding; i.e. here, the act of labelling a stimulus a 'target' to attend to modulated the N170 response. Additionally, the observation that schematic faces demonstrate similar N170 responses to those recorded for real faces and, akin to real faces, angry schematic faces demonstrated heightened N170 responses, suggests caution should be taken before disregarding schematic facial stimuli in emotion processing research per se.
Introduction
The ability to recognise the facial expressions of others is a fundamental component of both survival [1] and social functioning [2] . For example, an emotional facial expression provides important non-verbal cues as to the imminent behavioural intentions of a second party and hence, important cues to behaviour (e.g. fight, flight, withdraw or approach). Consequently, it should be of no surprise that within the field of emotion science the processing of faces (emotional or otherwise) has been at the forefront of behavioural, clinical and neuroscience research. Notably, however, from such research a number of controversies have arisen. Amongst others these include the faceselectively of the N170 and the ecological validity of utilising schematic faces in emotion research. In the present research paper we present evidence that speaks to both.
The N170, a negative polarity within the 120-220 ms range, is a robust event-related potential argued to be selectively elicited by face stimuli [3, 4] . It shows a greater magnitude at occipito-temporal sites, particularly over the right hemisphere, to pictures of faces compared with other (non-face) stimuli [5] . The early occurrence of this component following stimulus presentation suggests N170 reflects structural encoding of faces prior to their recognition [6, 7] . Consistent with this, the N170 has been used to investigate several aspects of face specific processing, such as feature sensitivity, orientation sensitivity, and familiarity; all of which correspond to structural encoding stages outlined in cognitive models of face processing [8, 9] .
However, in recent years there has been debate as to whether this component is the earliest facesensitive component [10] [11] [12] [13] and, additionally, whether the N170 can be modulated by expertise and/or endogenous (e.g. higher-level) factors. For example, Dering, Hoshino & Thierry [14] argue that the N170 is not face-selective but represents more general 'expertise'. Here they found that the magnitude of the word-inversion N170 was comparable to the face-inversion N170 for expert readers, but not novice (i.e. late) English readers. This is similar to earlier research by Tanaka & Curran [15] , in which it was demonstrated that individuals who become skilled at identifying specific object categories also demonstrate an enhanced N170 response to that category [see also 16] . Fan et al. [17] have further observed that the N170 is modulated by competition [consistent with early research by [18] , and Schinkel, Ivanova, Kurths & Sommer [19] , that adaption of the N170 is modulated by top-down factors. In this research, following the viewing of a range of adaptor stimuli (i.e. houses, mooney faces, and specific single face features), Schinkel et al. had participants decide whether a test face stimulus had visible-teeth (feature-specific) or was male/female (holistic). Results revealed N170 adaptation effects were modulated by the specific task (i.e. feature-specific or holistic) the participant engaged in as compared with which adaptor stimulus they had previously viewed. Thus, Schinkel et al. argued that the N170 is not a fully automated process, given it is modulated by endogenous factors (in this case specific cognitive demands; but see also [20] ). To sum, taken as a collective, the above studies provide robust evidence that factors other than processes of configural/holistic face processing can modulate the N170 [21] . In consequence, it could be the case that something as simple as stimulus saliency and/or directed attention can also modulate N170 responding.
Leading from this, is the debate as to whether the N170 is modulated by the emotional valence (or saliency) of the face viewed [22] . Whereas several early studies found no evidence for emotional modulation of the N170 [23, 24] , a number of more recent studies demonstrate increased N170 amplitudes for threatening emotional faces compared with neutral or positive emotional face stimuli [25] [26] [27] . Moreover, increased N170 amplitude effects hold for non-attended [28] and subliminally presented threatening faces [29] . Indeed, in a recent meta-analysis of 57 experiments reporting N170 in response to facial expressions, the N170 was found to be differentially sensitive to different emotional facial expressions [30] . Specifically, Hinojasa et al., found that angry expressions, as compared to other emotional expressions, were associated with the greatest amplitude increase of the N170 response in comparison to neutral faces and, secondly, that task-related factors also modulated the N170. Here, it was observed that effect sizes were greater for studies in which the task utilised was non-direct. That is, tasks in which the different facial expressions were task-irrelevant resulted in the greatest modulations of N170 responding to emotional face stimuli. Thus, findings from studies of emotional faces again call into question the N170 as an ERP marker for structural face encoding only, with the meta-analysis of Hinojasa et al., clearly demonstrating that the N170 is sensitive to task-relevancy, and the emotional expression of face stimuli-especially those which feature displays of anger.
The finding that angry faces elicit the greatest modulation of the N170 is consistent with cognitive and neural models of fear and threat processing (i.e. threat-superiority). In these models it is stated that early/rapid processing should be particularly apparent for biologically-prepared stimuli with evolutionary significance [31, 32] . This not only fits with a number of MEG neuroimaging studies imaging temporal aspects of face processing [33] [34] [35] , but is also consistent with a plethora of behavioural data that suggests low-level and emotional factors can modulate face processing [36] [37] [38] . Of note, in a number of such studies schematic faces have been employed to control perceptual differences between emotional expressions [39, 40] . For example, utilising the Öhman, Lundqvist & Esteves [41] schematic faces set, Maratos & colleagues have repeatedly demonstrated threat superiority in processes of attention and working memory [42] [43] [44] . Yet, despite this, few studies have investigated the N170 to schematic emotional faces and, to our knowledge, none have utilised the Öhman et al. set in analyses of the N170. Here, however, exploration of the N170 would be useful given a major concern of schematic faces in emotion research is that they lack ecological validity [45, 46] .
Thus the purpose of the present study was two-fold: i) to further investigate the extent to which endogenous processes, and specifically selective attention, modulate the N170; and ii) to investigate the extent to which schematic faces, and especially angry schematic faces, modulate the N170. To achieve this, we used a three stimulus oddball paradigm. Here, neutral, angry and happy schematic face stimuli served as the task-irrelevant oddball stimuli and two scrambled faces served as the taskrelevant target and non-target stimuli. We hypothesised that: i) if N170 is modulated by endogenous processes then the N170 response should differ in response to a task-relevant target stimulus as compared to a non-target stimulus as a consequence of selective attention; ii) if schematic faces are representative of real faces than the N170 response to non-target schematic faces should be greater than to a non-target scrambled face; and iii) given its biological saliency, the threatening schematic face should elicit the greatest N170 response.
Materials and Methods

2.1． Participants
Eighteen right-handed staff and students (14 female) from the University of Southampton participated in the study, which received local ethics committee approval. All provided written, informed consent and had normal or correct-to-normal visual acuity. Age ranged from 20 to 36 (mean = 25 years, SD = 4.34 years). Two participants reported previous treatment for depression, but both were treatment free at the time of data collection.
2.2． Stimuli
Three schematic emotional faces and two scrambled face stimuli were used in the visual oddball paradigm (Figure 1a) . The schematic face stimuli were the same as those used by Öhman et al. [41] and served as the task-irrelevant oddball stimuli. The two scrambled faces served as the target and standard stimuli and comprised key features of the schematic face stimuli in random positions and orientations. All stimuli subtended a visual angle of 5.7° × 7.5°2
. 3 . Procedure and were displayed on a black background at a viewing distance of 60 cm. Stimulus presentation was controlled by Presentation (www.neurobs.com) and each stimulus presented for 130 ms with a 900-1100 ms ISI using a 100 Hz refresh rate.
The visual oddball task consisted of three experimental blocks in which 29, 31, or 30 target stimuli, respectively, were embedded in a stream of standard stimuli (n = 200). Participants were asked to mentally count the number of target stimuli presented in each block. For half of the participants the target stimulus was S1 and the standard stimulus S2, and for the remainder vice-versa. In every block, an additional 30 oddball face stimuli were also presented, i.e., 10 angry, happy and neutral faces; although participants were not informed of this at the beginning of the experiment. Thus each block was composed of 259, 261 or 260 stimuli respectively, which comprised of 29, 31 or 30 target stimuli (S1 or S2 counterbalanced), 200 standard stimuli (S1 or S2 counterbalanced) and 30 schematic faces (10 angry, 10 happy and 10 neutral). Stimulus order was randomized within each block with the exception that two target or two emotional stimuli could not follow consecutively. Prior to the experiment proper, participants received a brief practice, this was a stimulus stream comprised of four standard and two target stimuli randomly intermixed.
EEG Data acquisition and analysis
EEG was recorded continuously from 21 scalp positions (F7, F3, Fz, F4, F8, FC5, FC6, T7, C3, Cz, C4, T8, CP5, CP6, P7, P3, Pz, P4, P8, O1, O2) against CP2 using Ag/AgCl sintered electrodes mounted on a cap (Easycap GmbH, Germany). Off-line, the channels were re-referenced to the linked mastoids. The EEG was digitised at a sampling rate of 250 Hz with a 0.1 Hz high pass and 70 Hz low pass filter using SynAmps2 amplifiers (Neuroscan, Compumedics, U.S.A). Vertical (VEOG) and horizontal (HEOG) eye movements were recorded from above and below the right eye and the outer canthi respectively. Impedances were kept below 10 kΩ.
Using Brain Vision Analyzer 1.05 (Brain Products GmbH, Germany), the EEG raw data were filtered (low pass = 25 Hz, 12 dB/oct), segmented (100 ms pre-to 800 ms post-stimulus), corrected for blinks [47] , and screened for additional artefacts. Trials containing artefacts (amplitude deviations of ± 200 μV) were rejected (< 15% of trials in total). All epochs were aligned to the pre-stimulus baseline from -100 to 0 ms. Artefact-free EEG epochs were averaged for each subject, condition and electrode.
Time intervals and locations chosen for peak detection were based on previous N170 research [48] . In consequence, the N170 amplitude was determined at P7 and P8 as the maximum amplitude in a time window of 100-200 ms.
Results
Behavioural results
Ten participants made no errors when completing the task of mentally counting the target stimulus, a further six participants demonstrated over 95% mean accuracy and the remaining two participants demonstrated 87% and 89% accuracy respectively. In the case of erring, accuracy was calculated as the number of under-count and/or over-count errors. For example, an individual who mentally counted 30, 32 and 29 targets, respectively, was recorded as having made 3 errors (thus 97 % accuracy). Figure 1b shows the grand averages of the ERPs to (a) the schematic face stimuli, and (b) the target and standard stimuli, at electrodes P7 and P8, accompanying descriptive statistics are reported in Table 1 . At these sites, an analysis of variance (ANOVA) with stimulus type (standard, target, angry, happy, neutral) and hemisphere (left, right) as independent variables and amplitude as the dependent variable, revealed main effects of both stimulus type (F (4,68) = 17.044, p < 0.001; η p 2 = 0.50) and hemisphere (F (1,17) = 7.856, p = 0.012; η p 2 = 0.32), but no interaction between these variables (F (4,68) Table 1 . Descriptive statistics (Mean ± SD) for N170 amplitudes as a function of stimulus type and electrode. = 7.450, p > 0.15). For the main effect of hemisphere, the N170 was of higher amplitude in the right hemisphere. For the main effect of stimulus type, pairwise Bonferroni-corrected comparisons revealed that: i) the amplitude of the N170 for the standard stimulus was significantly attenuated in comparison to the N170 for all other stimuli (p < 0.001 for the standard vs. angry, happy and neutral face stimuli and p = 0.041 for the standard vs. target stimuli); ii) the amplitude of the N170 did not differ for the target stimulus compared with the happy or neutral stimuli; although iii) it was significantly attenuated in comparison to that elicited by the angry face stimulus (p = 0.021). Considering the research of Hinojasa et al. [31] , two Bonferroni-corrected planned comparisons further revealed the angry schematic face stimulus to elicit a greater N170 response compared with the neutral (t = −2.654, df = 17, p < 0.01, one-tailed) and happy (t = −2.368, df = 17, p = 0.015, one-tailed) schematic face stimuli. Finally, in exploratory analyses, to verify that the target/standard effect was not carried by one of the scrambled face stimuli (i.e. counter-balancing the stimuli across individuals), we further performed an additional analysis of stimulus type (standard, target) and hemisphere (left, right), with group (i.e. Group 1: S1 = standard, S2 = target; Group 2: S1 = target, S2 = standard) as the between-subjects factor. For this analysis, we again observed main effects of stimulus type (F (1,16) = 10.388, p < 0.01; η p 2 = 0.40) and hemisphere (F (1,16) = 9.199, p < 0.01; η p 2 = 0.37), but importantly there was no main effect of group, nor any significant interactions (group by stimulus interaction p = 0.729).
Analysis of N170
Amplitude analyses
Stimulus
Figure 1. (A)
The stimuli used in the three-stimulus oddball task. S1 and S2 were the standard and target stimuli (counter-balanced across participants), and the face stimuli the task-irrelevant oddball stimuli. (B) Top row: Effects of the oddball stimuli on the N170. For the angry face stimulus planned comparisons revealed the N170 amplitude was significantly greater than that for the happy or neutral stimuli. Bottom row: Effects of target and standard stimuli on the N170. For the target stimulus, analyses revealed the N170 amplitude to be significantly greater than that for the standard stimuli, but comparable to that observed for the happy and neutral face stimuli.
Latency analyses
An ANOVA with stimulus type (standard, target, angry, happy, neutral) and hemisphere (left, right) as independent variables and latency as the dependent variable revealed no significant effects.
Discussion
The main aims of this study were, firstly, to further investigate the extent to which endogenous processes, and specifically selective attention, modulate the N170 and, secondly, to investigate the extent to which schematic faces, and especially angry schematic faces, modulate the N170. To this end, we manipulated the valence of task-irrelevant schematic face stimuli and the attentional relevance of target/non-target scrambled face stimuli in a three stimulus oddball paradigm. Results revealed both a main effect of hemisphere (i.e. right hemisphere dominance) and stimulus type. Importantly, regarding the latter, it was observed that the N170 elicited by a target scrambled face stimulus was: i) of significantly greater magnitude than that of the (same) standard scrambled non-target face stimulus; ii) of comparable magnitude to the neutral and happy schematic face task-irrelevant oddball stimuli; and iii) of significantly lower magnitude than that elicited by the angry face task-irrelevant oddball stimulus. Planned comparisons further revealed that the magnitude of the N170 elicited by the angry schematic face stimulus was significantly greater than that elicited by the task-irrelevant neutral or happy schematic face stimuli. Thus our findings provide additional support for the argument that the N170 response can be modulated by endogenous events, as well as demonstrate that schematic faces are associated with an N170 neural signature similar to that observed in the literature for real faces.
In accordance with a growing body of research, the first major finding of the present research was that an endogenous factor, in this case selective attention, can modulate the N170 response. Here, whether a scrambled face stimulus was designated the standard or target stimulus significantly affected the magnitude of the N170 observed. This finding does not detract from arguments of N170 face-sensitivity per se, but it does suggest that this component can be modulated by higher-order factors extending research demonstrating modulation of the N170 by expertise [14] [15] [16] and specific task demands [17] [18] [19] . Indeed, in our study the magnitude of the N170 component for the scrambled face stimuli was found to be directly dependent upon the immediate task-relevance of the stimulus to the participant, i.e. selective attention, as reflected by the task instructions participants received. Thus a given scrambled face stimulus by means of simply being labelled the 'target' was found to elicit an N170 response comparable to that observed for the task-irrelevant neutral and happy schematic faces. Considering this, Hinojasa et al. [30] have recently argued that the N170 may be better understood as a 'correlate of a perceptual representation stage' reflecting a flexible integration process of several different information sources. Our results speak to this by suggesting that something as simple as 'tagging' a stimulus for visual recognition can lead to the said percept demonstrating an N170 response. Of course, it could be argued that when attention was drawn to the scrambled face, this event in itself caused its 'face-like' features to elicit a larger N170 [29, 49] . Yet this would not detract from the important role played by endogenous selective attention in this process-because we only observed modulation of the N170 to the scrambled face designated the target and not that designated the standard stimuli (counter-balanced across participants).
Building upon this, the second major finding of the present research was that the expression of the non-task relevant (i.e. oddball) schematic faces also modulated the N170 response observed. That is, whilst we observed all our schematic faces to elicit a larger N170 response as compared to the non-target scrambled face, the magnitude of the N170 for our schematic angry face was significantly greater than that associated with all other stimuli. This is also in keeping with the results of Hinojas et al. [30] . Namely, in their meta-analysis of 57 facial expression experiments, it was found that angry expressions caused by far the greatest increase in N170 amplitude. In accounting for this result they suggested that angry facial expressions are those most likely requiring rapid responding, and as such angry faces require more rapid facial decoding as reflected by increased N170 magnitude. That we observed a larger N170 for our schematic angry faces as compared to the schematic neutral or happy faces accords well with their meta-analysis research.
The finding of a larger N170 to the schematic angry faces as compared to the neutral or happy schematic faces also fits well with previous behavioural research utilising the same schematic faces. In such research it has been demonstrated that schematic angry faces as compared to neutral and happy faces, not only reduce the magnitude of the attentional blink [42, 43] , but are also more likely to be retained in short term memory following competition for limited resources [44] . Indeed, Simione et al. [44] have argued that in cases of imminent threat, such as the facial display of anger, the amygdala (and/or related structures) rapidly signals to occipital and occipitotemporal cortices allowing for the early redistribution of attentional weights to objects in the visual array. This would bias the processing of 'tagged' stimuli as reflected not only by rapid changes in amygdala activity [22, 31, 34] but, perhaps, also via changes in evoked activity markers such as that reflected by the N170. This would therefore explain the greater modulation of the N170 by our angry schematic faces, as previous source analysis research has suggested N170 to be elicited within fusiform gyrus [50, 51] .
A final result of the present study was the observation of right-hemisphere dominance. This, however, is in keeping with previous research in which foveal stimulus presentation is typically associated with a more pronounced right-hemisphere N170 response [3, 51] .
Limitations
Of course, as with most research, our study is not without limitation. Most notably, we did not include a comparable, but additional, oddball experiment in which the same participants were shown photographs of real emotional faces and their scrambled counterparts. In future research this would be advisable (as well as enlightening); as it may be that schematic faces produce broadly comparable responses to real faces, but with differences in amplitude and/or latency. In addition, as our paradigm incorporated a mental counting task it is apparent that when analysing target data, for a number of participants, a small number of incorrect target identifications may have been included. Again, in future research, this could be easily rectified by including a simple behavioural response (e.g. buttonpress) task. Finally, it would also be advisable to include more oddball stimuli per face type to minimise the impact of data loss (i.e. errors and artefact rejection).
Conclusions
To sum, the results of the present research are important in providing additional evidence that the N170 response can be modulated by both task demands and stimulus characteristics. By demonstrating that schematic faces, emotional expression and selective attention can all modulate the N170 response, our results suggest N170 likely reflects the activity of multiple neural sources critical in tagging a stimulus for pattern recognition. Of course, whether these processes are specific to the 'faceness' of specific stimuli, or indeed frequency of presentation [52] is still a matter for debate and investigation. However, the additional observation that schematic faces demonstrate similar N170 responses to those previously observed for real faces and, most notably, that angry schematic faces (akin to real angry faces) demonstrate heightened N170 responses, does suggest similarity in the processing of real and schematic faces. Hence, caution should be observed before disregarding schematic facial stimuli in emotion processing research.
